Introduction
============

Community-acquired pneumonia (CAP) refers to pneumonia in a previously healthy patient who acquired the infection in the community, as differentiated from hospital-acquired pneumonia (HAP).[@b1-phmt-8-009] Ewig however believes CAP does not describe pneumonia acquired in the community per se but represents a concept about a distinct clinical syndrome in distinct community patients.[@b2-phmt-8-009]

It is one of the most common serious infections in childhood, with an estimated incidence of 34--40 cases per 1,000 children in Europe and North America.[@b3-phmt-8-009]--[@b5-phmt-8-009] Although CAP-related mortality is relatively rare in developed countries, the picture is different in developing countries where pneumonia is one of the major causes of childhood mortality.[@b6-phmt-8-009] Nevertheless, severe CAP remains the single main cause of mortality from infectious diseases in developed countries.

With respect to etiology, the basic microbial patterns typically consist of *Streptococcus pneumoniae*, an atypical group, a non-pneumococcal non-atypical group and the Gram-negative group.[@b2-phmt-8-009] The relative frequency of each group is determined by the severity of pneumonia, age, comorbidity, seasonality and individual risk factors.[@b2-phmt-8-009] For instance, in developing countries, a causal relationship exists between severe and life-threatening pneumonias and bacterial agents such as *S. pneumoniae*, *Haemophilus influenzae* and *Staphylococcus aureus*.[@b2-phmt-8-009] A similar trend also occurs in Europe and North America.[@b7-phmt-8-009] Secondly, age-specific etiologic patterns have been established; Group B streptococcus and Gram-negative enteric bacteria are the most common pathogens in the neonatal age group. Beyond this age bracket, *S. pneumoniae* remains the most common bacterial agent, while *Mycoplasma pneumoniae* and *Chlamydia pneumoniae* (atypical group) are frequently associated with illness in preschool-aged children and are common causative bacteria in older children and adolescents.[@b8-phmt-8-009],[@b9-phmt-8-009] In European countries such as Germany, *Legionella* spp. (especially *L. pneumonia* and *L. pneumophila*) have been reported as prominent etiologic agents, especially in adult patients with CAP.[@b10-phmt-8-009],[@b11-phmt-8-009] Elsewhere in China, the bacteria have also been noted in the list of common causative pathogens according to a multicenter study,[@b12-phmt-8-009] while a recent systematic review revealed their contributory role in causing CAP in Asia and the Middle East.[@b13-phmt-8-009] Despite the need for hospitalization in only a minority of patients, several severity-of-illness tools have been developed, which can help in deciding on admission, especially in the intensive care units (ICUs). In contrast to what is obtainable in geriatric CAP, the absence of a pediatric CAP severity score remains one of the unresolved issues about the disease. In fact, little progress has been made in establishing CAP-specific scores in children. Over the years, clinicians have adopted prognostic scoring systems for improving site-of-care decisions because of high mortality rates in the extremes of age. Precise risk stratification of patients, used currently, aimed at ensuring appropriate site-of-care decisions has its shortcomings. Therefore, the procedure has been improved by the inclusion of several biomarkers in order to differentiate viral from bacterial infections, restrict the duration of antibiotic therapy and function as prognostic indicators.[@b14-phmt-8-009] With technological advancement, these biomarkers hold great prospects for aiding critical decisions for patients with pneumonia.[@b15-phmt-8-009] Moreover, the combination of several biomarkers reflecting different pathophysiological pathways can potentially improve the management of CAP in future.[@b16-phmt-8-009] Interestingly, the prognostic and diagnostic utility of these biomarkers has been demonstrated in both geriatric and pediatric CAP.

This article aims to review these prognostic and diagnostic tools, in addition to highlighting those potentially applicable in children with CAP.

Risk stratification of patients with CAP: the current scoring systems
=====================================================================

The main determinants of prognosis in patients with CAP are respiratory failure, sepsis-associated organ dysfunction and unstable comorbidities. Thus, the current risk stratification tools have been fundamentally designed to predict mortality and identify low-risk patients who are potentially suitable for outpatient management.[@b17-phmt-8-009]

This underscores the importance of site-of-care decisions in the management of these patients. Several scoring systems have been developed to predict mortality risk in CAP, and these have been used as guides for patient hospitalization or admission in the ICU.[@b18-phmt-8-009] The most extensively evaluated scoring systems are the Pneumonia Severity Index (PSI) and the confusion, uremia, respiratory rate, BP, age \> 65 years (CURB-65) rule (a modification of the British Thoracic Society \[BTS\] rule), both of which are basically appropriate in adult patients.

Pneumonia Severity Index
------------------------

The PSI was introduced to assist in identifying patients with CAP who may either require ambulatory (outpatient) or hospitalized (inpatient) treatment.[@b19-phmt-8-009] This prognostic tool is based on 20 clinical variables that group the patients into five risk categories (Risk Classes I--V) and could be utilized to predict 30-day survival. Although the PSI performs well as a predictor of mortality, it is time consuming and more complex as it requires multiple clinical and laboratory parameters. Furthermore, the PSI was developed to identify low-mortality-risk patients and may underestimate the severity of CAP.[@b20-phmt-8-009] For instance, a Risk Class I or II pneumonia patient may require outpatient treatment. A Risk Class III patient (after evaluating other factors such as home environment and follow-up) may need either outpatient or inpatient treatment and surveillance for a short duration, while Risk Class IV and V patients should be hospitalized for treatment ([Figure 1](#f1-phmt-8-009){ref-type="fig"}).

Since PSI may underestimate the severity of illness (which is a limitation), the simpler CURB-65 rule was developed to identify more severely ill patients with ease.

CURB-65 and CRB-65 scoring systems
----------------------------------

The CURB-65 parameters consist of the following items from which the acronym was derived: new-onset mental confusion, urea \>7 mmol/L, respiratory rate ≥30 breaths/min, systolic blood pressure \<90 mmHg or diastolic blood pressure ≤60 mmHg and age ≥65 years.[@b21-phmt-8-009] It is a 5-point score with three risk categories: low risk (0--1 points), intermediate risk (2 points) and high risk (\>3 points). Unlike PSI, this tool is more straightforward and also constitutes an accurate tool for the prediction of 30-day survival.[@b18-phmt-8-009] The CURB-65 can be further simplified by the omission of the laboratory parameter blood urea nitrogen (BUN), giving rise to only the CRB-65 criteria.

A comparison of the CURB-65 and CRB-65 scoring systems has been made in two studies.[@b22-phmt-8-009],[@b23-phmt-8-009] One of the studies reported that both the CURB-65 and the CRB-65 were equally effective in predicting 30-day mortality,[@b22-phmt-8-009] while in the other study, the investigators noted that both CRB-65 and CURB-65 could predict 30-day survival, even though the CRB-65 tended to underestimate mortality risk: defining 26% of the patients who died as low risk.[@b23-phmt-8-009] Therefore, it was concluded that the more convenient and readily available CRB-65 should be used in ambulatory patients, while the full CURB-65 rule should be applied to hospitalized patients.[@b23-phmt-8-009]

PSI versus CURB-65
------------------

Interestingly, further comparisons between the PSI and the CURB-65 tools have brought to the fore important differences in terms of advantages and limitations. The development and validation of PSI were based on the need to identify low-mortality-risk patients. Thus, this tool can potentially be misleading for site-of-care decisions and can underestimate severity of illness, more especially in young patients who do not have comorbid illnesses.[@b19-phmt-8-009],[@b24-phmt-8-009] Conversely, the CURB-65 scoring system may be optimal for identifying high-mortality-risk patients with severe CAP who otherwise might be missed without formal assessment of barely noticeable deviations in key vital signs.[@b21-phmt-8-009],[@b24-phmt-8-009] Hence, both scoring systems assess pneumonia and mortality risk from different perspectives, and each is best suited for identifying patients at opposite ends of the CAP-severity spectrum.[@b18-phmt-8-009]

A review of some studies that have compared the PSI and CURB-65 tools in the same population shows that in one report,[@b25-phmt-8-009] both tools were good at predicting mortality and in identifying low-risk patients. However, the CURB-65 appeared to be more distinctive in defining mortality risk in severe CAP.[@b25-phmt-8-009] In another study, both the PSI and the CURB-65 were used to evaluate a large number of hospitalized and ambulatory patients with CAP.[@b22-phmt-8-009] The CURB-65 (and the simpler CRB-65 version) accurately predicted 30-day mortality, the need for mechanical ventilation and perhaps the need for hospitalization.[@b22-phmt-8-009] Furthermore, the CURB-65 criteria correlated with the time to clinical stability. While the PSI predicted mortality, it was not good at predicting the need for ICU admission. The authors also documented that the CURB-65 tool could not predict the need for ICU admission, although it was observed to be more accurate than the PSI for this site-of-care decision.[@b22-phmt-8-009]

It is therefore important to consider other tools that have more predictive value when deciding the need for ICU admission.

Infectious Diseases Society of America (IDSA)/American Thoracic Society (ATS) criteria
--------------------------------------------------------------------------------------

Some researchers[@b26-phmt-8-009] evaluated the ATS guidelines,[@b27-phmt-8-009] which proposed 10 criteria to define severe CAP. It was established that the requirement for ICU was defined by the presence of two of three minor criteria (systolic blood pressure ≤90 mmHg, multilobar disease or the ratio of partial pressure of arterial oxygen to fractional inspired oxygen \[PaO~2~/FiO~2~ ratio\] ≤250) or one of two major criteria (need for mechanical ventilation or septic shock).[@b26-phmt-8-009] Obviously, this rule had better sensitivity and specificity for defining the requirement for ICU admission than either the PSI or the BTS rule in view of the estimated sensitivity of 69% and specificity of 98%. Based on these findings, the 2001 ATS guidelines for CAP subsequently recommended that severe CAP could be defined on the basis of the presence of these major and minor criteria.[@b27-phmt-8-009] Against this backdrop, the IDSA/ATS committee released guidelines in 2007, which expanded the criteria for ICU admission to include the presence of at least three of the following nine minor criteria: PaO~2~/FiO~2~ ratio \<250, respiratory rate \>30 breaths/min, confusion, multilobar infiltrates, systolic blood pressure \<90 mmHg despite aggressive fluid resuscitation, BUN \>20 mg/dL, leukopenia (\<4,000 cells/mm^3^), thrombocytopenia (\<100,000 cells/mm^3^) and hypothermia (\<36°C).[@b28-phmt-8-009] This scoring system nevertheless requires further validation.

Criteria developed by España et al
----------------------------------

Another risk stratification tool is the severe CAP model proposed by España et al.[@b29-phmt-8-009] Having examined records from 1,057 patients, the investigators established that the need for admission into the ICU was defined by the presence of one of two major criteria: arterial pH \<7.30 or systolic blood pressure \<90 mmHg.[@b29-phmt-8-009] In the absence of these criteria, severe CAP could also be identified by the presence of two of six of the following minor criteria: confusion, BUN \>30 mg/dL, respiratory rate \>30 breaths/min, PaO~2~/FiO~2~ ratio \<250, multilobar infiltrates and age of at least 80 years. When these criteria were fulfilled, the scoring system was 92% sensitive for identifying those with severe disease and was more accurate than the PSI or CURB-65 criteria, although not quite as specific as the CURB-65 rule.[@b29-phmt-8-009]

SMART-COP scoring system
------------------------

The systolic blood pressure, multilobar chest radiography involvement, albumin level, respiratory rate, tachycardia, confusion, oxygenation and arterial pH (SMART-COP) scoring system is another current tool for predicting the need for ICU admission. It was a product of the Australian CAP study that defined the need for intensive respiratory or vasopressor support (IRVS), which was seen as a more objective end point than admission into the ICU.[@b30-phmt-8-009] The SMART-COP rule (the acronym for systolic blood pressure \<90 mmHg, multilobar infiltrates, albumin \<3.5 g/dL, respiratory rate elevation \[≥25 breaths/min for those age ≤50 years, and ≥30 breaths/min for those age \>50 years\], Tachycardia \[\>125 beats/min\], confusion, low oxygen \[\<70 mmHg if age ≤50 years or \<60 mmHg if age \>50 years\] and arterial pH \<7.35) performed well for patients under IRVS who were initially admitted into the ICU, as well as for those who were transferred to the ICU after initial admission in the ward. Notably, one study has demonstrated that SMART-COP was superior to the other prognostic scoring tools for predicting the need for IRVS, with a sensitivity of 85% compared to 55% for CURB-65 ≥3 or a PSI class ≥IV.[@b31-phmt-8-009]

Systolic blood pressure, oxygenation, age and respiratory rate (SOAR) criteria
------------------------------------------------------------------------------

Finally, a specific scoring system for the elderly with the acronym SOAR has also been developed.[@b32-phmt-8-009] The best predictor of severe CAP and mortality was the presence of two of four SOAR criteria: systolic blood pressure \<90 mmHg, PaO~2~/FiO~2~ \<250, age \>65 years and respiratory rate \>30 breaths/min. When two criteria were present, the sensitivity for predicting mortality from CAP was 81%, and the specificity was 60%.[@b32-phmt-8-009] This tool was developed in place of CURB-65 because many geriatric patients have an elevated BUN and confusion, and thus the discriminating value of these parameters is limited in older subjects.[@b17-phmt-8-009]

Modified predisposition, insult, response and organ dysfunction (PIRO) score
----------------------------------------------------------------------------

In a recent report, some investigators set out to formulate a prognostic scale for estimating mortality, which would be applicable to children with CAP.[@b33-phmt-8-009] The study enrolled patients younger than 15 years with CAP who were hospitalized over a 10-year period. A point-based scoring system based on the modified PIRO scale used in adults with pneumonia was applied to each hospitalized child, and it comprised the following variables: predisposition (age \<6 months, comorbidity), insult (hypoxia \[O2 saturation \<90%\], hypotension \[according to age\] and bacteremia), response (multilobar or complicated pneumonia) and organ dysfunction (kidney failure, liver failure and acute respiratory distress syndrome). One point was awarded for each criterion that was present (range: 0--10 points). The association between the modified PIRO score and mortality was assessed by stratifying patients into four levels of risk: low (0--2 points), moderate (3--4 points), high (5--6 points) and very high risk (7--10 points). The results showed a significant positive correlation between mortality rates and modified PIRO scores, causing the authors to conclude that the score accurately discriminated the probability of mortality in children hospitalized with CAP and thus could be a reliable tool to select patients for admission to ICU and for adjunctive therapy in clinical trials.[@b33-phmt-8-009] Although this tool is the modified version of the score initially designed for CAP in adult patients,[@b34-phmt-8-009] it appears to be the only prognostic scoring system that has been shown to be applicable in pediatric CAP.

Prognostic indicators for complications of CAP
==============================================

Severe CAP is associated with serious complications, such as respiratory insufficiency, sepsis and mortality. Some studies have highlighted the prognostic indicators of these complications.[@b35-phmt-8-009]--[@b39-phmt-8-009] In a prospective, randomized study, a group of investigators compared the following: standard treatment plus noninvasive positive pressure ventilation (NPPV) delivered through a face mask; and standard treatment alone in patients with severe CAP complicated by acute respiratory failure.[@b35-phmt-8-009] Interestingly, the use of NPPV was found to be well tolerated, safe and associated with a significant reduction in both respiratory rate and the need for endotracheal intubation. Thus, it was concluded that in selected patients with acute respiratory failure, NPPV was associated with a significant reduction in the rate of endotracheal intubation and duration of ICU admission.[@b35-phmt-8-009] On the other hand, other authors reported that routine clinical and biochemical information can be used to predict early respiratory failure in patients with severe CAP.[@b36-phmt-8-009] For instance, respiratory failure was found to be independently associated with altered mental state, pulmonary arterial hypertension (PaH) \<7.35 mmHg and PaO~2~ \<60 mmHg. Furthermore, a history of heart failure was inversely associated with respiratory failure, while patients who failed to respond had a higher 28-day mortality rate and a longer period of hospitalization.[@b36-phmt-8-009] In one study among adult patients with pneumococcal CAP, sepsis and the CRB-65 scores were used to allocate patients to subgroups with low, intermediate and high risk.[@b37-phmt-8-009] The authors observed that even though both scores performed equally well in predicting mortality, the prediction of survival in the intermediate-risk group appeared more accurate with the sepsis score.

Notably, as CAP becomes more complicated with severe sepsis and septic shock, blood lactate concentration is increased as a result of anaerobic production (via the Na^+^/K^+^-ATPase channel) and a decrease in lactate utilization.[@b38-phmt-8-009] In another study among critically ill geriatric patients admitted into the ICU with severe CAP, lactate clearance was found to be a useful and inexpensive biomarker, as well as a reliable predictor of patient outcome.[@b39-phmt-8-009] Thus, it is an important prognostic tool for CAP-related sepsis.

Biomarkers in geriatric and pediatric CAP: the progress so far
==============================================================

An ideal biomarker for CAP should lead to a prompt diagnosis, have a prognostic value and facilitate therapeutic decision-making.[@b16-phmt-8-009] Biomarkers provide reliable information about host response to infection as well as pathogenic activity within the host, which can serve to support clinical parameters in making decisions.[@b15-phmt-8-009] Hitherto, biomarkers have been used to differentiate bacterial and viral etiologies in childhood CAP.[@b40-phmt-8-009],[@b41-phmt-8-009] Recently, they have emerged as predictors of disease severity and prognosis.[@b42-phmt-8-009]--[@b44-phmt-8-009]

From a pathophysiological perspective, it is possible that the combination of several biomarkers reflecting different aspects of CAP (infection, cardiovascular impairment, sepsis and respiratory failure) can be useful. Hence, the novel biomarkers fall into these major groups: inflammatory markers, namely, procalcitonin (PCT), C-reactive protein (CRP) and white blood cell (WBC) count; cardiovascular markers, such as proadrenomedullin (proADM), proatrial natriuretic peptide (proANP), proarginine vasopressin (copeptin) and C-terminal proendothelin-1 (CT-proET-1); and biomarkers of stress, such as cortisol.[@b45-phmt-8-009] Adrenomedullin (ADM) has several actions, including immune modulation, vasodilation, direct bactericidal activity and electrolyte homeostasis. Endothelin-1 is a potent vasoconstrictor, and its endothelial synthesis is triggered by hypoxia and pulmonary infections.[@b46-phmt-8-009] PCT is a specific marker for bacterial infections, while arginine vasopressin plays a role in the regulation of cardiovascular and osmotic homeostasis. Plasma levels of ANP are elevated in patients with chronic heart failure and sepsis and predict impaired left ventricular ejection fraction.[@b47-phmt-8-009],[@b48-phmt-8-009]

Notably, these biomarkers have not only been established as diagnostic and prognostic tools in adult CAP[@b40-phmt-8-009]--[@b45-phmt-8-009],[@b49-phmt-8-009]--[@b56-phmt-8-009] but have also been demonstrated to have wide applicability in pediatric CAP.[@b57-phmt-8-009]--[@b73-phmt-8-009]

In one major prospective study that compared these new biomarkers in predicting short- and long-term all-cause mortality in adult CAP, the investigators found that the cardiovascular biomarkers (proANP, copeptin, CT-proET-1 and proADM) were not only good predictors of short- and long-term outcomes in CAP, but they were also superior to inflammatory markers, and at least comparable to the CRB-65 score, in terms of performance.[@b45-phmt-8-009] ProADM was noted as the biomarker with the best performance, while the combination of CRB-65 score and proADM was suggested as the best predictor for both short- and long-term mortalities.[@b45-phmt-8-009]

Some recent studies that investigated the utility of serum biomarkers to measure CAP severity and predict prognosis have focused on CRP, PCT and cortisol.[@b49-phmt-8-009]--[@b52-phmt-8-009] For example, a study of 185 adult patients who had PCT measured within 24 hours of the diagnosis of CAP showed that PCT levels correlated with the PSI score and the development of complications.[@b52-phmt-8-009] Levels were also elevated in nonsurvivors when compared with that in survivors. Serial measurements of PCT have similarly been used to define prognosis in severe CAP patients.[@b49-phmt-8-009] Other investigators have reported that non-survivors had significantly higher PCT levels; with serial measurements, survivors had a reduction in PCT levels, while nonsurvivors had a rise by the third day.[@b49-phmt-8-009]

Interestingly, researchers are now beginning to combine the findings of biomarker estimations with the results of the prognostic scoring systems in adult patients with CAP.

In one study that evaluated PCT, CRP and CRB-65 in 1,672 adult patients with the disease, PCT levels on admission were elevated in nonsurvivors, and the receiver operating characteristic (ROC) curve for survival was similar for PCT and CRB-65, but each was better than CRP.[@b53-phmt-8-009] A reduced PCT level specifically predicted a low risk of mortality independent of CRB-65 category.

In another study of 278 adult patients presenting with CAP to an emergency department in Switzerland, the authors showed that cortisol levels could be used to predict severity of disease and mortality-related outcome.[@b54-phmt-8-009] Free and total cortisol levels were found to be correlated with severity of CAP as shown by the PSI score; a level of total cortisol \>960 nmol/L had a sensitivity of 75% and a specificity of 71.7% for predicting mortality. In a related study, baseline cortisol was noted to be the best predictor of mortality among 72 adult patients with severe CAP who were admitted to the ICU, as mortality was more frequent in those with higher baseline levels.[@b55-phmt-8-009] When baseline cortisol was used to predict mortality, it was more accurate than CURB-65 using the area under the ROC curve for mortality, but CRP was not a good biomarker for the same purpose. In one systematic review and meta-analysis, the authors nonetheless concluded that despite the fact that biomarkers are able to predict mortality with moderate-to-good accuracy in adult CAP, they have no clear advantage over CAP-specific scores.[@b56-phmt-8-009] Nevertheless, in a recent review that aimed to determine the role of PCT in predicting CAP severity in children, there appears to be an increase in studies confirming its utility in CAP management in pediatric patients.[@b61-phmt-8-009] In one of such recently published studies, 119 children aged 1--14 years were admitted for radiographically documented CAP, and baseline PCT, CRP and routine laboratory tests were conducted on admission. The investigators found that PCT was correlated to the main inflammatory markers in children with CAP; CRP, unlike PCT, was able to predict the severity of CAP, confirming its usefulness in the management of the disease.[@b57-phmt-8-009]

The medical literature is currently replete with other reports that indicate the utility of biomarkers as diagnostic, prognostic and discriminatory tools, as well as being a possible therapeutic guide in pediatric CAP.[@b58-phmt-8-009]--[@b73-phmt-8-009] For instance, as a discriminatory tool, Esposito et al[@b60-phmt-8-009] investigated the usefulness of biomarkers such as lipocalin-2 (LIP2) and syndecan 4 (SYN 4) in differentiating bacterial from viral etiology in CAP. They estimated the serum levels of these biomarkers together with the WBC counts and CRP levels in 110 children aged \<14 years who were hospitalized for radiographically proven CAP. However, their findings showed that the estimation of LIP2 and SYN4 levels did not obviate the need for using clinical and laboratory parameters to define the etiology and severity of pediatric CAP.[@b60-phmt-8-009]

In a retrospective cohort study of 108 pediatric patients divided into four categories of those with bacterial pneumonia or bronchitis and those with nonbacterial pneumonia or bronchitis, Hoshina et al[@b64-phmt-8-009] compared the WBC and neutrophil counts, as well as the CRP and PCT levels, among the cohorts. The authors were able to demonstrate that PCT was the most useful marker to differentiate bacterial from nonbacterial pneumonia, while neutrophil count was the major contributor to the discrimination of bacterial from nonbacterial bronchitis.[@b64-phmt-8-009] In contrast, Don et al,[@b69-phmt-8-009] in their study of 101 children with radiographically proven CAP, reported that WBC count, CRP, PCT and erythrocyte sedimentation rate (ESR), or their combinations, showed a limited discriminatory role during screening between bacterial and viral pediatric CAP. They further noted that if all or most of these markers were raised, bacterial etiology was most likely, but reduced values did not preclude bacterial etiology. Their findings were corroborated by another study,[@b72-phmt-8-009] which observed that CRP, PCT, WBC and ESR had only limited value in differentiating bacterial from viral pneumonia; none of the combinations of these markers showed sufficient sensitivity and specificity to be used in pediatric CAP. Thus, the evidence is still weak -- and there is no consensus yet -- on the utility of biomarkers in differentiating the microbial etiology of CAP. In addition, Tumgor et al[@b70-phmt-8-009] similarly reported that interleukin (IL)-6, IL-8 and CRP levels were elevated in children with CAP and HAP but were not useful in differentiating the various etiologic agents. Remarkably, one published report from a prospective study of 310 children admitted for uncomplicated CAP used a PCT cutoff value to guide antibiotic therapy in these patients and showed that an algorithm-based approach can significantly reduce antibiotic use and antibiotic-related adverse reactions in those with uncomplicated disease.[@b67-phmt-8-009] However, the authors could not validate the risk of using this approach in severe cases of CAP because the study included mainly children with mild-to-moderate forms of the disease.

Again, several reports show the diagnostic utility of established and emerging biomarkers in pediatric CAP.[@b58-phmt-8-009],[@b61-phmt-8-009],[@b62-phmt-8-009],[@b65-phmt-8-009],[@b66-phmt-8-009],[@b68-phmt-8-009],[@b71-phmt-8-009],[@b73-phmt-8-009] In a recently published study, Li et al[@b58-phmt-8-009] used proteomics to identify 27 potential plasma proteins in children with *M. pneumoniae* pneumonia (MPP) and found that human apolipoprotein C-I precursor (APOC1) was a potential novel biomarker for the rapid and noninvasive diagnosis of MPP in children, an observation that the authors believed could offer new insights into the pathogenesis and biomarker selection of MPP in pediatric patients.

Alcoba et al[@b62-phmt-8-009] evaluated the predictive value of proADM and copeptin for complicated CAP (evidenced by bacteremia and empyema) in 88 pediatric patients aged 0--16 years who were seen in an emergency setting. The investigators noted that only proADM appeared to be a reliable predictor for complicated CAP and could thus aid the clinician with decisions such as in-patient care and choice of the route of antibiotic administration. Similarly, other researchers have reported the diagnostic and prognostic utility of this biomarker.[@b66-phmt-8-009] In a prospective observational study of children with CAP seen at the emergency department, proADM values were analyzed in relation to clinical parameters such as need for oxygen therapy, duration of oxygen therapy, disease complications, pyrexia, antibiotic therapy, admission to ICU and duration of hospitalization; specifically children who had complications such as pleural effusion had higher levels of proADM.[@b66-phmt-8-009]

In another study by Wrotek et al,[@b65-phmt-8-009] soluble urokinase plasminogen activator receptor (suPAR) level was estimated in 227 children with CAP and in 119 healthy counterparts. The marker, which is an activator of the immune system, was significantly more elevated in children with CAP than in healthy subjects. In addition, suPAR level was significantly higher in children with severe form of the disease compared with those who had nonsevere illness, indicating that its elevation may also reflect the severity of pneumonia. The same authors also demonstrated a positive correlation between serum suPAR and nonspecific inflammatory markers, such as CRP and PCT, in pediatric CAP.[@b63-phmt-8-009]

Elsewhere, in South Korea, a group of researchers reported that serum PCT levels had better diagnostic accuracy for lobar pneumonia compared with the predictive ability of serum CRP level and ESR.[@b68-phmt-8-009] They also noted a significant correlation of the PCT level with the CRP level, ESR and WBC count, suggesting that serum PCT level was a better marker than CPR and ESR for the diagnosis of lobar pneumonia in pediatric CAP.[@b68-phmt-8-009] In a Chinese study that investigated the clinical value of the expression of neutrophil surface cluster of differentiation (CD)64 in the diagnosis of CAP in children, the authors observed that the CD64 index and CRP levels were significantly higher in patients with bacterial pneumonia than in their counterparts with viral and mycoplasma pneumonia.[@b73-phmt-8-009] In addition, the CD64 index was observed to be significantly higher in children with severe pneumonia than in those with milder forms of the disease, while its expression also significantly decreased in those with severe bacterial infection after antibiotic therapy, indicating that its determination contributes to early diagnosis of bacterial CAP.[@b73-phmt-8-009] Finally, some biomarkers have also been documented as prognostic tools in pediatric CAP in a recent study in India, which investigated the possible role of systemic immune and inflammatory mediators as biomarkers that could predict CAP severity or outcome.[@b59-phmt-8-009] The researchers observed that IL-6, IL-8, IL-13, interferon-gamma (IFN-γ) and lower C--C motif chemokine ligand 22 (CCL22) levels were significantly more elevated in patients with severe CAP compared with those with mild CAP. Furthermore, based on higher macrophage inflammatory protein-1 alpha (MIP-1α), IL-8, IL-17 or lower CCL22-response pattern at the time of enlistment, children with fatal outcome displayed a markedly different pattern of inflammatory response compared with those grouped with the same disease severity, but with non-life-threatening outcome.[@b59-phmt-8-009]

Conclusion
==========

Most of the prognostic scoring systems currently under use are more applicable to CAP in adult patients. So far, only the modified PIRO score has been applied to pediatric patients. The most evaluated tools -- PSI and CURB-65 -- are accurate for predicting mortality in adults with CAP but are not direct indicators of disease severity.

Thus, they cannot replace the use of clinical assessment to determine hospital admission or ICU care. At best, these scoring systems are decision support tools that cannot be utilized as the gold standard for site-of-care decisions.[@b18-phmt-8-009]

Since none of the tools is without its limitations, there has been a paradigm shift to incorporate biomarkers in risk stratification because they are good predictors of disease severity and outcome, irrespective of age group. Although the role of biomarkers was initially more established in geriatric CAP, they have now been proven to be useful in the diagnosis of pediatric CAP, as well as in predicting severity and outcome in children. Despite the progress made so far in applying these biomarkers in pediatric CAP, more research is still needed to validate their diagnostic and prognostic utility in the disease.
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